ABSTRACT: A total of 54 finishing barrows (initial BW = 99.8 ± 5.1 kg; PIC C22 × 337) reared in individual pens were allotted to 1 of 6 dietary treatments in a 2 × 3 factorial arrangement of treatments with 2 levels of ractopamine (0 and 7.4 mg/kg) and 3 levels of dietary energy (high, 3,537; medium, 3,369; and low, 3,317 kcal of ME/kg) to determine the effects of dietary ractopamine and various energy levels on growth performance, carcass characteristics, and meat quality of finishing pigs. High-energy diets were corn-soybeanmeal-based with 4% added fat; medium-energy diets were corn-soybean meal based with 0.5% added fat; and low-energy diets were corn-soybean meal based with 0.5% added fat and 15% wheat middlings. Diets within each ractopamine level were formulated to contain the same standardized ileal digestible Lys:ME (0 mg/kg, 1.82; and 7.4 mg/kg, 2.65 g/Mcal of ME). Individual pig BW and feed disappearance were recorded at the beginning and conclusion (d 21) of the study. On d 21, pigs were slaughtered for determination of carcass characteristics and meat quality. No ractopamine × energy level interactions (P > 0.10) were observed for any response criteria. Final BW (125.2 vs. 121.1 kg), ADG (1.2 vs. 1.0 kg/d), and G:F (0.31 vs. 0.40) were improved (P < 0.001) with feeding of ractopamine diets. Feeding of the low-energy diet reduced (P = 0.001) final BW and ADG compared with the high-and medium-energy diets. Gain:feed was reduced (P = 0.005) when the medium-energy diets were fed compared with the high-energy diets. Additionally, G:F was reduced (P = 0.002) when the low-energy diets were compared with the high-and medium-energy diets. Feeding ractopamine diets increased (P < 0.05) HCW (93.6 vs. 89.9 kg) and LM area (51.2 vs. 44.2 cm 2 ). The LM pH decline was reduced (P ≤ 0.05) by feeding ractopamine diets. The feeding of low-energy diets reduced (P = 0.001) HCW when compared with the high-and medium-energy diets and reduced (P = 0.024) 10th-rib backfat when compared with the high-and mediumenergy diet. These data indicate that feeding ractopamine diets improved growth performance and carcass characteristics, while having little or no detrimental effect on meat quality. Reductions in energy content of the diet by adding 15% wheat middlings resulted in impaired ADG, G:F, and 10th-rib backfat. There were no ractopamine × energy level interactions in this trial, which indicates that the improvements resulting from feeding ractopamine were present regardless of the dietary energy levels.
INTRODUCTION
In the swine industry, feed costs represent up to 50 to 70% of the total cost of production (Ewan, 2001 ). The energy content of the diet is a major determinant of pig performance and is the single most expensive component of the diet (Myer and Brendemuhl, 2001) . With recent fluctuations in energy costs, questions have been raised about the effects of removing high or primary energy sources from the diet and additional dietary energy reductions with the addition of low-energy feedstuffs such as wheat middlings.
Energy intake drives protein deposition until a plateau is reached, and then any further increase in energy results in fat deposition (de Lange et al., 2001) . Ractopamine hydrochloride alters this deposition pattern by increasing the partitioning of energy to protein accretion by decreasing lipogenesis and increasing lipolysis in adipose tissue and increasing protein synthesis in muscle tissue (Adeola et al., 1990; Williams et al., 1994) . The study of Williams et al. (1994) indicated that dietary ractopamine results in maximum lean de-position at low energy intake. However, the genotype used in that experiment was different from currently used genotypes. Therefore, the objective of the present study was to evaluate the potential interactions between energy density of the diet and ractopamine inclusion on growth performance and carcass characteristics of high-lean gain genetic lines of pigs.
MATERIALS AND METHODS
All animals were cared for in accordance with University of Missouri Animal Care and Use Committee regulations.
Animals and Housing
Fifty-four finishing barrows (PIC C22 × 337) with an initial BW of 99.8 ± 5.1 kg were blocked by BW and randomly allotted to treatments in a 2 × 3 factorial arrangement with 9 replications per treatment. The treatments included 2 levels of ractopamine (0 vs. 7.4 mg/kg; Paylean, Elanco Animal Health, Greenfield, IN) and 3 levels of dietary energy (average ME: high, 3, 537; medium, 3, 369; and low, 3 ,317 kcal of ME/kg). All pigs were individually penned in 1.22 × 1.68 m pens with fully slatted cast iron flooring, a single-hole feeder, and a nipple waterer with feed and water available ad libitum. The experimental period lasted for 21 d.
Diets
The 3 levels of dietary ME were obtained by varying the amount of added fat in the diet and the addition of feedstuffs with low energy content (Table 1) . High-energy diets (0 mg/kg of ractopamine = 3,538 kcal ME/kg, and 7.4 mg/kg of ractopamine = 3,536 kcal of ME/kg) were typical corn-soybean meal (SBM) diets with 4% added fat. Medium-energy diets (0 mg/kg of ractopamine = 3,371 kcal of ME/kg, and 7.4 mg/kg of ractopamine = 3,366 kcal of ME/kg) were corn-SBM diets with 0.5% added fat. This minimal fat supplementation was used for dust suppression purposes. Low-energy diets (0 mg/kg of ractopamine = 3,320 kcal of ME/kg, and 7.4 mg/kg of ractopamine = 3,314 kcal of ME/kg) were corn-SBM diets with 0.5% added fat and 15% wheat middlings (WM). All diets within each ractopamine level were formulated to contain equal standardized ileal digestible (SID) Lys:ME (0 mg/kg of ractopamine = 1.82, and 7.4 mg/kg of ractopamine = 2.65 g/Mcal of ME). These ratios were based on the high-energy diets and were maintained in the medium-and low-energy diets by maintaining constant SBM inclusion rates and adjusting the inclusion rates of synthetic l-Lys. Other synthetic AA (dl-Met and l-Thr) were supplemented to maintain constant ratios in relation to SID Lys across all energy levels in ractopamine treatments. All other nutrients were formulated to meet or exceed the estimated requirements for pigs at this stage of growth (NRC, 1998).
Carcass Data Collection
At the conclusion of the study (d 21), animals were transported to the meat science laboratory at the University of Missouri. After arrival, pigs were allowed to rest in lairage for a minimum of 1.5 h. Animals were slaughtered via electrical stunning followed by exsanguination. After exsanguination, carcasses were dehaired via scalding, eviscerated, and split vertically down the midline. Carcass weights were obtained and carcasses were allowed to chill for a period of 24 h. After 24 h, chilled carcass weights were recorded and first rib, last rib, and last lumbar midline backfat depths were obtained from the right half of the carcass. The right one-half of the carcass was then ribbed at the 10th rib to facilitate the measurement of 10th-rib backfat (3/4 off of the midline), LM area (LMA), objective color scores [L* (lightness), a* (redness), and b* (yellowness; Konica Minolta Sensing Inc., Tokyo, Japan)], subjective color (scale of 1 to 6), and marbling scores (scale of 1 to 10; Meat Quality Standards, National Pork Producers Council, Des Moines, IA).
The LM drip loss in percent was determined using a method adapted from Honikel et al. (1986) . Briefly, a loin core (approximately 10-g sample) was removed from the 10th-rib chop on the left side of each carcass. The LM sample was weighed and then suspended on a barbless hook with string attached to the hook. The string on the hook of each sample was threaded through the bottom of an inverted plastic cup, placed inside of a Whirl-Pak bag (Nasco, Fort Atkinson, WI), and suspended for a period of 24 h at 4°C before being removed from the hook and reweighed.
Loin pH and Temperature Measurements
The LM pH and temperature measurements were obtained at 45 min and 3, 6, 9, 12, and 24 h postmortem. Measurements were obtained by inserting a pH probe (Meat Probes Inc., Topeka, KS) into the left LM between the 10th and 11th rib.
Glycolytic Potential
At 24 h postmortem, a 2.54-cm-thick LM chop was removed at the 10th rib from the right side of each carcass, placed in a Whirl-Pak bag (Nasco), and frozen at −20°C. Samples were sent to the University of Illinois (Urbana-Champaign) for determination of glycolytic potential utilizing methods adapted from Hartschuk et al. (2002) .
Statistical Analysis
All data were analyzed by ANOVA utilizing the PROC GLM procedure (SAS Inst. Inc., Cary, NC). Individual pig served as the experimental unit. Data were analyzed as a 2 × 3 factorial arrangement of treatments with ractopamine and energy level as the main effects. No significant (P > 0.10) interactions were ob-served; therefore, only main effects data are reported. The LSMEANS procedure was used to calculate mean values, and orthogonal contrasts were used to compare the effects of the high vs. medium energy and high + medium vs. low energy treatments. Alpha-values of 0.05 and 0.10 were used to assess statistical significance and trends among means, respectively.
RESULTS AND DISCUSSION

Growth Performance and Carcass Characteristics
The feeding of the ractopamine diets increased ADG (1.21 vs. 1.01 kg/d; P < 0.001) and final BW (125.21 vs. 121.13 kg; P < 0.001) when compared with feeding diets without ractopamine (Table 2 ). This increase in ADG combined with a tendency (P = 0.069) for ADFI to be reduced with the feeding of the ractopamine diets resulted in G:F being increased (P < 0.001) from 0.31 to 0.40. The responses in growth performance observed in the present study are similar to those observed in studies, in which either a 5 or 10 mg/kg of ractopamine diet was fed (Crome et al., 1996; Armstrong et al., 2004; Carr et al., 2005) . Daily intake of SID Lys was increased (P < 0.001) with the feeding of the ractopamine diets (27.75 vs. 20.28 g/d) . This increase in intake of SID Lys would be expected due to the increased nutrient density of the ractopamine diets.
Feeding of the diet with the least energy level resulted in reduced (P < 0.001) ADG and final BW when compared with the high-and medium-energy diets (Table 2) . Average daily feed intake did not differ between the high-and medium-energy diets. However, when the low-energy diets were fed, ADFI was reduced (P = 0.032) when compared with the high-and medium-energy diets. Gain to feed was reduced (P = 0.005) for the medium-energy diets compared with the high-energy diets (0.34 vs. 0.39, respectively). Additionally, G:F was reduced (P = 0.002) with feeding of the low-energy compared with the high-and mediumenergy diets. Calculated daily ME intake did not differ between the high-and medium-energy diets. However, calculated daily ME intake was reduced (P = 0.002) when the low-energy diet was compared with the highand medium-energy diets. It is well known that when the energy density of swine diets is increased, ADFI is reduced and feed efficiency is improved (Smith et al., 1999; De La Llata et al., 2001; Weber et al., 2006) . In the present study, ADFI was numerically increased and G:F was impaired when the medium-energy diet was fed. However, when the low-energy diet was fed, ADFI was reduced instead of increased, as would be expected (Seerley and Ewan, 1983) . This reduction in feed intake can be attributed to the fact that the reduced energy level, in combination with increased fiber, in the low-energy diet was achieved with the addition of 15% WM to the diet. The addition of a bulky feedstuff, such as 15% WM, results in increased gut fill and thereby reduces the capacity of feed intake (NRC, 1998) . If the current experiment were to have lasted longer than 21 d, it is possible that ADFI would have increased in the pigs consuming the low-energy diet. Stein and Easter (1996) reported that when dietary fiber was increased by the addition of wheat bran, corn gluten feed, and alfalfa meal to finishing pigs, ADFI was reduced for the first 2 wk. However, after 2 wk, ADFI in pigs fed high-fiber diets was increased over that of pigs on a decreased-fiber diet. Typically, when greater fiber level diets are fed, the digestive tract will enlarge to accommodate a larger volume of feed, resulting in increased capacity for feed intake (Ewan, 2001) .
The reduced feed intake in pigs fed the high-fiber, low-energy diet resulted in the reduction of daily ME intake (P = 0.002). Daily intake of SID Lys did not differ between the high (25.23 g/d) and medium (24.56 g/d) energy levels, but was reduced (P = 0.004) with the feeding the low-energy diet (22.26 g/d) compared with the high-and medium-energy diets. Although daily intake of SID Lys was reduced with the feeding of the low-energy diet, this amount of intake was greater than NRC (1998) recommendations.
Hot carcass weights from pigs receiving the ractopamine diets were 3.74 kg heavier (93.63 vs. 89.89 kg; P < 0.001) than those of the control animals ( Table 3 ). The feeding of the ractopamine diets tended (P = 0.075) to reduce first-rib backfat and reduced (P < 0.05) last lumbar backfat (20.37 vs. 23.00 mm), while having no effect on 10th-rib backfat. Additionally, LMA increased (P < 0.001) from 44.19 to 51.21 cm 2 with the feeding of the ractopamine diets. The observed increases in HCW and LMA are in agreement with previous research in which various levels of ractopamine have been fed (Uttaro et al., 1993; Jones et al., 2000; Weber et al., 2006) . However, in the present study, there was no observed reduction in 10th-rib backfat. Apple et al. (2007) indicated that, although not always statistically significant, there is typically a numerical reduction in backfat depths when ractopamine diets are fed.
Objective a* values were reduced (16.05 vs. 16.68; P < 0.01) and b* values tended to be reduced (P = 0.099) with the feeding of the ractopamine diets. Additionally, subjective color values were reduced (2.54 vs. 2.89; P < Table 2 Energy levels (average): high = 3,537, medium = 3,369, and low = 3,317 kcal of ME/kg.
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No ractopamine × energy interactions were present (P > 0.10); therefore, only the main effects are presented. Orthogonal contrasts: H vs. M = high vs. medium energy; H + M vs. low = high and medium energy vs. low energy. Energy levels (average): high = 3,537, medium = 3,369, and low = 3,317 kcal of ME/kg.
No ractopamine × energy interactions were present (P > 0.10); therefore, only the main effects are presented. Orthogonal contrasts: H vs. M = high vs. medium energy; H + M vs. low = high and medium energy vs. low energy.
4
On a scale of 1 to 5, 1 being pale/pinkish gray and 5 being dark purplish red.
5
On a scale of 1 to 5, 1 being devoid to practically devoid and 5 being moderately abundant or greater. Energy levels (average): high = 3,537, medium = 3,369, and low = 3,317 kcal of ME/kg.
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No ractopamine × energy interactions were present (P > 0.05); therefore, only the main effects are presented. Orthogonal contrasts: H vs. M = high vs. medium energy; H + M vs. low = high and medium energy vs. low energy.
0.05) with the feeding of the ractopamine diets. Contradictory data exist in regard to the effects of feeding ractopamine on subsequent meat quality. Objective a* and b* values have been reduced with the feeding of ractopamine (Uttaro et al., 1993; Carr et al., 2005) , whereas Fernández-Dueñas et al. (2008) reported that only b* values were reduced. Whereas objective meat quality values have been negatively affected by the feeding of ractopamine, subjective color, marbling, and firmness scores are typically unaffected (Crome et al., 1996; Weber et al., 2006; Fernández-Dueñas et al., 2008) . Hot carcass weights were reduced (P < 0.001) when the low-energy diet (89.04 kg) was compared with the high-energy (93.78 kg) and medium-energy (92.46 kg) diets. Reducing dietary energy to medium did not affect 10th-rib backfat depths when compared with the high-energy diet. However, further reduction in dietary energy to low reduced (P = 0.024) 10th-rib backfat depth from 25.05 and 23.42 mm in the pigs consuming the high-and medium-energy diets to 21.59 mm in the pigs consuming the low-energy diet. The observed reduction in 10th-rib backfat is in agreement with work by Apple et al. (2004) , in which 10th-rib fat depth was reduced by 5% when dietary energy concentration was reduced from 3.48 to 3.30 Mcal/kg. However, others (Smith et al., 1999; De la Llata et al., 2001; Weber et al., 2006) have reported that carcass characteristics are unaffected by dietary energy level.
Objective color values were not affected by dietary energy level; however, subjective color values tended to be increased (P = 0.056) when the low-energy diets were compared with the high-and medium-energy diets (2.94 vs. 2.47 and 2.72, respectively). Previous studies involving the feeding of diets with various energy densities have consistently observed no effects on meat quality when energy density was reduced (Szabó et al., 2001; Armstrong et al., 2004; Weber et al., 2006) .
The lack of interactions between the feeding of ractopamine and varying energy levels indicates that, regardless of dietary energy levels, the feeding of ractopamine diets result in improved growth performance and lean deposition. The feeding of ractopamine increases the partitioning of energy from lipid accretion to protein accretion through reducing lipogenesis and increasing lipolysis in adipose tissue and increasing protein synthesis in muscle tissue (Adeola et al., 1990; Williams et al., 1994) . The results from this study seem to validate the hypothesis set forth by Williams et al. (1994) in that, even in instances of reduced dietary energy, ractopamine is able to increase lean deposition by partitioning enough energy to facilitate the increases in protein accretion.
Glycolytic Potential, pH, and Temperature
The content of glucose-6-phosphate in the loin muscle was reduced (P < 0.05), whereas lactate content and glycolytic potential did not change when the ractopamine diets were fed (Table 4 ). The LM pH values were increased (P < 0.02) at 3, 6, and 9 h postmortem by the feeding of the ractopamine diets. Additionally, ultimate pH values (24 h postmortem) were increased (P < 0.01) from 5.74 to 5.88 with the feeding of the ractopamine diets. The LM temperature values were not affected by the feeding of the ractopamine diets at any time point. The increase in ultimate LM pH is contradictory to previous research that has indicated that when ractopamine diets are fed, loin muscle pH values are unaffected (Carr et al., 2005; Weber et al., 2006; Fernández-Dueñas et al., 2008) . The observed reductions in pH decline and increased ultimate pH can have a positive impact on the final tenderness of the meat (Huff-Lonergan et al., 2000) . Additionally, it has been proposed that even small differences of 0.2 to 0.3 points in pH decline and ultimate pH can cause large differences in many aspects of meat quality (Puolanne et al., 2002) .
Dietary energy level did not affect glucose-6-phosphate and lactate content or the glycolytic potential of the loin muscle. When compared with the high-energy diets, feeding of the medium-energy diets tended to reduce (P < 0.10) LM pH at 6, 12, and 24 h postmortem. The LM pH values were reduced (P < 0.05) at 9 h postmortem and tended to be reduced (P = 0.061) at 12 h postmortem when the low-energy diets were compared with the high-and medium-energy diets. The LM temperature values were not affected by dietary energy level at any time point. When the medium-and low-energy diets were formulated, dietary starch concentrations were increased due to an increased inclusion rate of corn in the medium-energy diet and the addition of 15% WM in the low-energy diet. Leheska et al. (2002) , Tikk et al. (2005) , and Bee et al. (2006) reported that when dietary starch is increased, pH decline is accelerated and ultimate pH is reduced because of reductions in muscle glycogen content. However, in the present study, pH decline and ultimate pH seem to be independent of measured glycolytic potential.
Conclusions
Results of the present study indicate that the feeding of diets containing 7.4 mg/kg of ractopamine yield improvements in growth performance and carcass characteristics that are similar to results observed when ractopamine is included at 5 or 10 mg/kg. Additionally, the feeding of ractopamine diets could potentially improve meat quality through increased ultimate LM pH values. When fed for a period of only 21 d, feeding reduced dietary energy levels negatively affected growth performance traits, but reduced 10th-rib backfat depth. The absence of interactions between the feeding of ractopamine diets and various dietary energy levels indicates that a ractopamine response is present even when dietary energy is reduced.
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